Some known static charged fluid spheres of Tolman-VI type solutions are re-examined and the gravitational masses are shown to be of electromagnetic origin.
INTRODUCTION
Very recently Ray & Das (2004) have investigated the class of astrophysical solutions obtained by Ray & Das (2002) and Pant & Sah (1979) under a static spherically symmetric Einstein-Maxwell space-time in connection to the phenomenological relationship between the gravitational and electromagnetic fields. While discussing the solutions of Pant & Sah (1979) , which represent the charged analogue of Tolman's (1939) solution VI, they have studied the case n = 0 only related to the electromagnetic mass models (Lorentz 1904; Feynman, Leighton & Sands 1964) where n is a free parameter which appears in the solution set. In the present investigations, however, it is shown that the electromagnetic mass models can also be constructed not only for the specific choice n = 0 rather for the whole range of 0 n 2, including even the fractional values. As it is known that the solutions of Tikekar (1984) represent the generalization of Pant & Sah (1979) so we have also studied them as a continuation of the verification scheme. It is possible to show, from the charge expression and the equation of state, that the gravitational mass depends on the electric charge alone. In the concluding part it is discussed that there are some other solutions available in the literature out of which the case (λ, n) of Ivanov (2002) in the section X also fulfill our requirement to be of electromagnetic mass model. For the physical validity, related to all the cases studied here, energy conditions are discussed in connection to the de Sitter space-time.
THE EINSTEIN-MAXWELL FIELD EQUATIONS
Let us consider a spherically symmetric line element
with dΩ 2 = dθ 2 + sin 2 θdφ 2 in the standard coordinates x i = (t, r, θ, φ), where ν and λ are the metric potentials. The Einstein-Maxwell field equations corresponding to spherically symmetric static charged source are then given by
The equation (5) can equivalently, in terms of the electric charge q, be expressed as
where ρ, p and E are the matter-energy density, fluid pressure and intensity of the electric field respectively. Here prime denotes derivative with respect to radial coordinate r only. Now, equation (2) together with equation (6), gives
where M (r), called the active gravitational mass, can be expressed in terms of the effective gravitational mass m(r) which takes the form
µ(r) being the mass equivalence of electromagnetic field.
THE GRAVITATIONAL MASSES OF PURELY ELECTROMAGNETIC ORIGIN

The models of Pant-Sah
For a static spherically symmetric distribution of charged fluid Pant & Sah (1979) obtained a class of solution. The solution set is given by
where
This class of solutions, in view of c, with the cosmological constant Λ = 0 and the constant of integration B = 0 represents the charged analogue of Tolman (1939) solution VI. Now, the total gravitational mass, m(r = a), can be calculated from the equation (8), after using equations (11) and (14), as
A close observation of the equation (17) shows that the status of the gravitational mass depends on the parameters n, a and q. Out of these three parameters once we fix up the values of a and q for a given charged spherical system then n can be regarded as adjustable parameter 'having real, not necessarily integral, values' (Tolman 1939) . However, for physical viability the values to be assigned on this parameter are 0 n 2. Obviously one can assign innumerable values for n within this range. Related to the case n = 0, it is already shown by Ray and Das (2004) that for vanishing electric charge all the physical quantities including the gravitational mass vanish and the space-time becomes flat. We, therefore, would like to study the following four cases only to serve our purpose. Case I: n = 0.5 We are in favor of this case because of some historical reasons. This choice was originally done by Tolman himself in his uncharged version. In this case the gravitational mass becomes
The equation of state, by virtue of equations (11) and (12), can be written as
which for the present case reduces to
Case II: n = 1 For this choice of n, the gravitational mass becomes
whereas equation of state is
It is pointed out by Herrera & Ponce de León (1985) that this particular solutions of n = 1 admit a one-parameter group of conformal motions and are homothetic.
Case III: n = 1.5 In this case the gravitational mass is
and the equation of state becomes
The gravitational mass for this case is the same as that of n = 0.5 case.
Case IV: n = 2 The gravitational mass in this case becomes
This mass expression is exactly the same as that of the n = 0 case of Ray and Das (2004) which vanishes for the vanishing electric charge and thus provides 'electromagnetic mass' model (Lorentz 1904; Feynman et al. 1964) . However, the equation of state for the present situation differs from that of the n = 0 case and is given by
Let us now choose a relation between the electric charge and the radial coordinate of the fluid distribution (Ray & Das 2002; Ivanov 2002; Ray & Das 2004) as follows:
where K and s are two free parameters. For the specific choice K = 1/ √ 2 and s = 1 of these parameters, the ansatz expressed in equation (27) reduces to q(a)/a = 1/ √ 2, where a is the radius of the sphere. It is interesting to note that for this charge-radius ratio all the above perfect fluid equations of state reduce to the form ρ + p = 0. This is known as the 'pure charge condition' (Gautreau, 1985) and also imperfect-fluid equation of state in the literature as the matter distribution under consideration is in tension and hence the matter is named as a 'false vacuum' or 'degenerate vacuum' or 'ρ-vacuum' (Davies, 1984; Blome & Priester, 1984; Hogan, 1984; Kaiser & Stebbins, 1984) .
The above charge-radius ratio in turn makes all the total effective gravitational mass to vanish for the vanishing charge. Therefore, the gravitational masses here are of purely electromagnetic in origin. It is to be noted here that all the above cases n = 0.5, 1, 1. (26) differently. The components of this equation, viz., the matter-energy density and fluid pressure are given by
It can be checked that for a positive pressure the constraint on the charge-radius ratio to be imposed here is q(a)/a ±2/3. The pressure vanishes for the value ±2/3 whereas it becomes positive for the value which is less than ±2/3. Thus, we have come across a case for electromagnetic mass models where the equation of state is a perfect fluid one with a positive pressure. This case is, obviously, in contradiction to the observation of Ivanov (2002) that "...electromagnetic mass models all seem to have negative pressure." This particular aspect has been pointed out in the work by Ray & Das (2004) having mentioned that there are some examples of electromagnetic mass models where positive pressures are also available will be shown elsewhere. However, a few more examples in this direction need further study.
The models of Tikekar
We are now interested to discuss the Tikekar (1984) solutions which represent generalization of the solutions of Pant & Sah (1979) . As a particular solution which describes a physically plausible distribution of a charged perfect gas Tikekar (1984) has obtained the matter density and the fluid pressure in the following forms -
and hence the equation of state is given by
where b and d are non-negative constants. The total mass and charge contained within the sphere of radius a are, respectively, provided as
Now, vanishing of charge in the equation (34) implies that
Again, from the equation (32) for the pure charge condition, one obtains
Thus, the equations (35) and (36) 
the solutions assume the form of the Pant and Sah (1979) models which also provide electromagnetic mass as we have verified in the previous sub-section 3.1.
CONCLUDING REMARKS
We have investigated in the present article that some of the known solutions related to static charged fluid spheres of Tolman-VI type
are of purely electromagnetic in origin. In this regard it is also to be mentioned here that the solutions of Ivanov (2002) with (λ, n) classification scheme are of this category. He has obtained a set of solutions via Bessel functions technique which recover the solutions of Pant & Sah (1979) . However, in this solutions set the density and charge function are singular at the origin. We would like to point out here that all the above solutions, except that of n = 2 of Pant & Sah (1979), do not obey the energy condition the equation of state being in the form ρ + p = 0. This equation provides two situations: either ρ > 0 and hence p is a negative quantity or p > 0 which means that ρ is a negative quantity then. Thus, the strong energy conditions RijK i Kj 0, where K i is a time-like vector (Hawking & Ellis 1973) are violated in both the cases. The first possibility mentioned above demands that the system should be under tension and hence gravitationally repulsive in nature (Tiwari et al. 1984) . This case which can be expressed in the form g00g11 = −1 and hence λ = −ν are also equivalent to the charged de Sitter solution. The second option, viz., ρ < 0 indicates towards a negative mass for the inside of the fluid sphere. This is possible in the case of the Lorentz's extended electron of the size ∼ 10 −16 cm where spherically symmetric charged distribution of matter must contain some negative mass density (Cooperstock & Rosen 1989; Bonnor & Cooperstock 1989; Herrera & Varela 1994; Ray & Bhadra 2004) .
